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mounted to the lower arm housing. The upper arm housing
and the lower arm housing are movable relative to one another
in an x-direction and are moveable together in a y-direction
perpendicular to the x-direction. In addition, the upper arm
housing includes an opening through which a main beam of
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1
GRAB ARM HOUSING FOR GRAPPLE
ATTACHMENT

FIELD

This disclosure relates to an attachment that is attachable
to, for example, a trackhoe, backhoe, excavator or other piece
of construction equipment for use in, for example, position-
ing pipe ends to join the pipe ends together.

BACKGROUND

Positioning two large diameter pipes, such as oilfield pipes,
for tie-in is extremely time consuming and can take many
hours and require many workers and millions of dollars worth
of equipment which is very costly and slows down the pro-
duction of the pipeline. In addition, the current process is
hazardous to the workers. Any reduction in the time and cost
it takes to make a tie-in connection is beneficial. In addition,
improving the safety to ground workers would be beneficial.

SUMMARY

An attachment is described that is configured to attach to an
arm of a piece of construction equipment, for example an
excavator, a trackhoe, backhoe or the like. The attachment is
configured to automate the process of aligning pipe ends
during pipe tie-in. The attachment can fine adjust the posi-
tions of the pipe ends relative to one another in X, y and z-axis
directions until the ends align with each other, at which point
the pipe ends can be welded or otherwise secured to each
other, and/or processed in other manners, while being held in
position by the grapple mechanisms. The attachment can also
be configured to leave room for a pipe processing tool, for
example a welding apparatus, to perform a processing opera-
tion on one or more of the pipes, such as welding the pipe ends
together.

The attachment is designed to grab the ends of two separate
pipes that are going to be aligned end to end for connecting of
the pipes through welding or other suitable connection
means. The attachment is configured to pull the two pipes
together in the Z-axis direction and also aligns them concen-
tric to each other via independent movement in the X-axis and
Y-axis directions.

As used throughout the specification and claims, the word
pipe or the like, unless otherwise specified, is intended to
encompass all types, shapes, and sizes of pipe that need to be
laid and tied-in with other sections of pipe. The pipe can be
made of any type of material including, but not limited to,
metal or plastic. In cross-section, the pipe can be round,
square, triangular, or have other cross-sectional shapes. In
some embodiments, an end of one pipe can be connected to a
device, other than another pipe end, that may be connected to
the pipe, for example a valve, through which fluid can flow.
Therefore, the term pipe is intended to encompass any struc-
ture through which fluid is intended to flow.

In addition, in some embodiment, the attachment can be
used to grab, manipulate and process a single section of pipe.
The attachment may also be used to grab, manipulate and
process objects other than pipe, for example trees, logs, tele-
phone poles, and the like.

In one embodiment, a grapple mechanism useable on a
grapple attachment includes a lower arm housing, grab arms
mounted to the lower arm housing, and an upper arm housing
mounted to the lower arm housing. The upper arm housing
and the lower arm housing are movable relative to one another
in an x-direction and are moveable together in a y-direction

10

25

35

40

45

55

2

perpendicular to the x-direction. In addition, the upper arm
housing includes an opening through which a main beam of
the grapple attachment can extend. Further, the upper and
lower arm housings can be moveable together in a z-direction.
Also, the upper and lower arm housings could move together
in the x, y and z directions, or the upper and lower arm
housings could move relative to one another in the x,y and z
directions.

In another embodiment, a mechanism includes a pair of
grapple mechanisms mounted on a main beam, with each
grapple mechanism including opposing grab arms mounted
to a grab arm housing. Each grab arm housing includes a
lower arm housing to which the grab arms are mounted, and
an upper arm housing. The upper arm housing and the lower
arm housing are movable relative to one another in an x-di-
rection perpendicular to the main beam and are moveable
together in a y-direction perpendicular to the x-direction and
to the main beam. In addition, the upper arm housing includes
an opening through which the main beam extends.

In use, each grapple mechanism can grab a respective pipe
section near the pipe ends using the grab arms. Once the pipe
sections are being held by the grab arms, the grab arm hous-
ings are adjusted relative to the main beam which adjusts the
positions of the pipe ends that are held by the grab arms. The
grab arm housings are adjusted until the pipe ends align, at
which point the pipe ends can be secured together.

The grab arm housing(s) can be adjustable in multiple
directions generally perpendicular to the longitudinal axis of
the main beam. For example, when viewing the grab arm
housing in side plan view, the grab arm housing is adjustable
in left and right directions and/or up and down directions
relative to the main beam.

For each grapple mechanism, the grab arms can be actuated
by an actuator connected to one of the grab arms and a timing
link interconnecting the grab arms. Alternatively, each grab
arm can be actuated by an actuator connected thereto.

In one embodiment, the geometry of the grab arms and the
lower arm housing are designed to handle a range of pipe
diameters, for example 24-36 inch pipe, while providing 6
points of contact with the outside of the pipe within that range
at all times. However, there could be more or less points of
contact if desired.

The main beam of the attachment can also be adjustable in
position via rotation about a vertical axis and tilting about a
horizontal axis. The grab arm housings can also be adjustable
in directions parallel to the longitudinal axis of the main beam
as described in US 2010/0308609 which is incorporated
herein by reference in its entirety. These adjustments of the
main beam and the grab arm housings, together with the
adjustments of the grab arm housings relative to the main in
one or more directions generally perpendicular to the longi-
tudinal axis of the main beam, permit precise positioning of
the grapple mechanisms to grab the pipe ends.

Although the preceding paragraph mentions a pair of
grapple mechanisms, it is possible that more than two grapple
mechanisms can be used. For example, three or more grapple
mechanisms could be mounted on the main beam. Not all of
the grapple mechanisms need be adjustable in the manner
described depending on the intended function of the grapple
mechanism.

DRAWINGS

FIG. 1is anisometric perspective view of an attachment for
mounting to an arm of a piece of construction equipment.
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FIG. 2 is a side view of one of the grapple mechanisms with
some components shown transparent to better illustrate con-
struction and operation.

FIG. 3 is an exploded view of the components of the
grapple mechanism of FIG. 2.

FIG. 4 is an exploded view of the components of another
embodiment of a grapple mechanism.

FIG. 5a is an isometric perspective view of another
embodiment of a grapple mechanism with the grapple mecha-
nism shown transparent to better illustrate construction and
operation.

FIGS. 5b and 5c¢ are isometric perspective views of the
upper arm housing and the torque tube, respectively, of the
grapple mechanism of FIG. 5a.

FIG. 6 is a diagram showing the geometry of the lower arm
housing and the grab arms and points of contact with different
diameters of pipe.

DETAILED DESCRIPTION

With reference to FIG. 1, an attachment 10 is illustrated
that is configured to align pipe ends during pipe tie-in. The
attachment 10 is mounted to an arm of a piece of construction
equipment (not illustrated). The attachment 10 includes a
main beam 14 that is pivotally connected to the base of alower
head assembly 16 by a pivot 18. The lower head assembly 16
is rotatably connected to a mount bracket 20 to permit the
lower head assembly 16 to rotate or swivel 360 degrees rela-
tive to the mount bracket about a vertical axis. The mount
bracket 20 detachably mounts the attachment to the arm of the
construction equipment. Tilt actuators 22, 24 extend between
the lower head assembly 16 and the main beam 14 to selec-
tively tilt the main beam about the pivot 18. Further informa-
tion on the construction and operation of a main beam, lower
head assembly, mount bracket and the tilt actuators can be
found in US 2009/0057019, US 2010/0308609, and in U.S.
patent application Ser. No. 13/398,995 filed on Feb. 17,2012,
which are incorporated herein by reference in their entireties.

The attachment 10 includes a pair of grapple mechanisms
26, 28 that are detachably mounted on the main beam 14. The
grapple mechanisms 26, 28 are mounted on the main beam so
that each grapple mechanism is individually adjustable rela-
tive to the main beam along the length of the main beam in the
z-axis direction. Adjustment of each grapple mechanism 26,
28 in the z-direction is achieved by shift actuators fixed at one
end to the main beam and fixed at an opposite end to the
grapple mechanisms 26, 28. Further information on shifting
grapple mechanisms in the z-direction on a main beam is
described in US 2010/0308609 and in U.S. patent application
Ser. No. 13/398,995. The detachable mounting of the grapple
mechanisms 26, 28 permits removal and replacement of
grapple mechanisms with replacement grapple mechanisms,
which could have the same or similar configuration or have a
different configuration.

As discussed in U.S. patent application Ser. No. 13/398,
995, the spacing between the grapple mechanisms 26, 28 can
be sufficient to leave room for a pipe processing tool, for
example a welding apparatus or other pipe fastening appara-
tus to be applied to the pipes for physically connecting the
pipe ends. In addition to or separately from welding, other
pipe processing operations can be performed using the pipe
processing tool mounted on the attachment. Examples of
other pipe processing operations includes coating one or
more of the pipe ends, painting the pipes, cutting one or more
of'the pipes, applying a seal to seal the pipe ends, beveling one
or more of the pipe ends, or sand blasting one or more of the
pipe ends. Other processing operations are possible. Depend-
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4

ing upon the processing operation, the processing operation
can be performed before or after the pipe ends are aligned
with each other.

The pipe processing tool can be mounted on the attachment
10, for example on the main beam 14, or it can be separate
from the attachment 10.

The grapple mechanisms 26, 28 illustrated in the drawings
are similar in construction, however they could be con-
structed differently. Each grapple mechanism includes a grab
arm housing 30 and grab arms 32 connected to the grab arm
housing.

As shown in FIG. 1, each grapple mechanism 26, 28 is
designed to pick up an end of a pipe 34, 36 using the grab arms
32 under the power of the construction equipment. The posi-
tions of the grab arm housings are then adjusted in the x, y
and/or z-axis directions as necessary to align the pipe ends 38
during pipe tie-in. The aligned ends can then be welded or
otherwise secured to each other, and/or other processing
operations performed.

The z-axis direction is considered generally parallel to the
ground, or parallel to the main beam, or parallel to the pipes.
The x-axis direction is a forward and rearward direction gen-
erally perpendicular to the z-axis direction and perpendicular
to the main beam 14. The y-axis direction is an up and down
direction generally perpendicular to the z-axis direction and
to the x-axis direction, and perpendicular to the main beam
14.

The attachment 10 can be used in a horizontal orientation
with horizontal pipe and with the main beam 14 oriented
generally parallel to the ground. The attachment 10 can also
be used in a vertical orientation with vertical pipe, with the
main beam 14 oriented generally perpendicular to the ground.
The attachment can also be used with pipes that are oriented
at angles between horizontal and vertical.

FIGS. 2 and 3 illustrate details of one embodiment of the
grapple mechanism 26. As indicated above, the grapple
mechanism 28 is similar in construction to the grapple
mechanism 26 so it is not described separately. In this
embodiment, the grab arm housing 30 is a two-piece housing
including a lower arm housing 50 and an upper arm housing
52. The arm housings 50, 52 are connected to one another in
such a manner as to permit x and y adjustments of the lower
arm housing 50 so as to adjust the positions of the pipe ends
38 held by the grapple mechanisms in the x and y directions.

In one embodiment, the lower arm housing 50 can be
detachably mounted from the upper arm housing 52. This
would permit the lower arm housing to be removed and
replaced with a different lower arm housing.

The grab arms 32 are pivotally connected to the lower arm
housing 50. Two sets of grabs arms are provided which are
disposed on opposite sides of the lower arm housing. The grab
arms 32 can have any configuration suitable for gripping and
holding pipe during use. Further information on suitable con-
figurations of grab arms for engaging pipe is disclosed in US
2009/0057019 and US 2010/0308609.

Each grab arm 32 is rotatably mounted to the lower arm
housing by a pivot. The upper end of one of the grab arms is
connected to an end of an actuator 54, for example a hydraulic
cylinder. The opposite end of the actuator 54 is fixed to the
lower arm housing 50. One or more timing links 56 extend
between the grab arms so that actuation of the one grab arm by
the actuator 54 results in actuation of the other grab arm via
the timing link(s) 56. However, the timing link(s) 56 is not
necessary if one of the grab arms is fixed, or if separate
actuators are used for each grab arm.

The grab arms 32 are actuatable between a closed position
gripping the pipe (shown in FIG. 2) and an open position
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(shown in FIG. 1) to permit the grapple mechanisms to be
disposed over the respective pipes 34, 36. Extension of the
actuator 54 pivots the grab arm 32 inwardly toward the closed
position. At the same time, the timing link(s) 56 connected to
the other grab arm actuates the other grab arm inwardly
toward the closed position. Conversely, retraction of the
actuator pivots the grab arms outwardly toward the open
position.

In an alternative embodiment, an actuator can be provided
to actuate each of the grab arms. Also, one of the grab arms on
one or both of the grapple mechanisms could be fixed while
only the other grab arm is actuated.

With reference to FIG. 3, the top side of the lower arm
housing 50 has a block 60 formed with opposing slide chan-
nels 62. Vertical channels 64 extend upwardly from the slide
channels 62 and through the upper surface of the block 60.
The slide channels 62 are illustrated as extending the length of
the slide block over a distance A (see FIG. 2).

The upper arm housing 52 is designed to slidably engage
with the slide channels 62 and the channels 64 to permit the
lower arm housing 50 to slide back and forth relative to the
upper arm housing in the x direction. In particular, with ref-
erence to FIG. 3, the upper arm housing 52 is illustrated as
being a rectangular structure having a rectangular passage-
way 66 through which the main beam 14 extends. The base of
the upper arm housing 52 is provided with opposite rectan-
gular slide blocks 68 that are connected to side plates 70 that
form opposite walls of the arm housing 52. With reference to
FIG. 2, the side plates 70 have a length B in the x-direction
that is less than the length A.

In use, the slide blocks 68 are disposed within the slide
channels 62, and the plates 70 extend upwardly through the
channels 64. This construction permits the lower arm housing
50 to slide in the x-direction relative to the upper arm housing
52. Movement of the lower arm housing 50 is achieved using
an actuator 72, for example a hydraulic cylinder, having one
end thereof fixed to a mounting structure 74 on the lower arm
housing 50 and a second end suitably fixed directly or indi-
rectly to the upper arm housing 52.

Returning to FIG. 3, a torque tube 76 is disposed around the
main beam 14 and extends through the upper arm housing.
The torque tube 76 closely fits around the main beam and is
designed to permit movements of the upper arm housing 52,
together with the lower arm housing 50, relative to the main
beam in the y-direction.

The torque tube 76 is a rectangular tubular structure having
a central passageway 78 through which the main beam
extends. The torque tube 76 also extends through the upper
arm housing generally from one plate 70 to the other plate 70
as shown in FIGS. 1 and 2. Opposite sides of the torque tube
76 are formed with vertical slide channels 80 that are illus-
trated as extending from the bottom to the top of the torque
tube.

In use, the torque tube 76 is designed to slide with the
grapple mechanism in the z-direction. To facilitate the sliding
movement in the z-direction, slide pads 82 are fixed on the
inside of the torque tube between the sidewalls of the torque
tube and the outer side walls of the main beam. The slide pads
82 slide with the torque tube in the z-direction and help reduce
friction and wear on the main beam and on the inside of the
torque tube.

To lock the torque tube 76 to the upper arm housing 52 in
the z-direction, torque tube lock plates 84 are provided. Each
torque tube lock plate 84 is configured to fit and be secured
between the ends of the plates 70 as seen in FIG. 1. The inside
surface of each plate 84 is provided with a rectangular shaped
ridge 86 that fits through an opening 88 formed in the upper
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arm housing 52 and is disposed within the respective vertical
slide channel 80. The interaction between the ridges 86 and
the slide channels 80 forces the torque tube to slide in the
z-direction with the grapple mechanism, while permitting the
upper arm housing 52 to slide vertically relative to the torque
tube 76 in the y-direction.

With reference to FIG. 2, the vertical dimension C of the
passageway 66 of the upper arm housing 52 is greater than the
vertical height D of the torque tube 76. This allows the upper
arm housing 52 to slide vertically relative to the torque tube
76 in the y-direction. The horizontal dimension of the pas-
sageway 66 is only slightly greater than or approximately
equal to the horizontal dimension of the torque tube 76 to
prevent relative movements between the upper arm housing
and the torque tube in the x-direction.

To achieve y-direction movements, a clevis 90 is fixed to
the top of the torque tube 76 and extends upwardly through an
opening 92 in the upper arm housing. An actuator 94, for
example a hydraulic cylinder, has one end thereof fixed to a
mounting structure 96 on the upper arm housing 52 and a
second end suitably fixed to the clevis 90.

With reference to FIGS. 2 and 3, x-direction movements of
the individual grapple mechanisms 26, 28, and thus of the
pipes 34, 36, are achieved as follows. To move to the right (i.e.
front and back in the x direction) in FIG. 2, the actuator 72 is
retracted to apply a force pulling the upper arm housing 52
toward the left in FIG. 2. Since the torque tube 76 fits closely
around the main beam 14, and the horizontal dimension of'the
passageway 66 is only slightly greater than or approximately
equal to the horizontal dimension of the torque tube 76, the
upper arm housing 52 cannot move right or left in the x-di-
rection. Therefore, retraction of the actuator 72 will force the
lower arm housing 50 to move in the x-direction to the right in
FIG. 2. Similarly, extension of the actuator 72 will push
against the upper arm housing 52, with reaction forces then
forcing the lower arm housing to move the left in FIG. 2.

Y-direction movements (i.e. up and down) of the individual
grapple mechanisms 26, 28, and thus of the pipes 34, 36, are
achieved as follows. To move vertically upward in the y-di-
rection, the actuator 94 is extended. This pushes downward on
the top of the torque tube 76 which closely fits around the
main beam. The reaction forces will force the upper arm
housing 52 upwardly relative to the torque tube. Since the
upper arm housing is fixed to the lower arm housing, the lower
arm housing will also move upward. To move vertically
downward in the y-direction, the actuator 94 is retracted. The
upper and lower arm housings will then move downward.

The upper and lower arm housings are described as being
moveable relative to one another in the x-direction, moveable
together in the y-direction, and moveable together in the
z-direction. However, other variations are possible. For
example, the upper and lower arm housings could move
together in the x, y and z directions. In another example, the
upper and lower arm housings could move relative to one
another in the X,y and z directions.

Other mounting techniques to permit movements of the
arm housing 50, 52 in the x and y directions are possible. For
example, FIGS. 4 and 5a-c illustrate two possible alternative
mounting techniques. In FIGS. 4 and 5a-c, elements that are
the same or similar as elements in FIGS. 2-3 are referenced
using the same reference numerals.

The grapple mechanism illustrated in FIG. 4 is shown
mounted on the attachment 10 in FIG. 1. In the embodiment
of'the grapple mechanism illustrated in FIG. 4, instead of the
slide channels 62 and the slide blocks 68 used in FIGS. 2-3,
the lower arm housing 50 slides relative to the upper housing
52 in the x-direction via one or more pins 100. The pin(s)
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extend between opposite brackets 102 on the lower arm hous-
ing 50, and extend through openings 104 formed in the base
of the upper arm housing 52. Only the openings 104 at one
side of the upper arm housing are visible in FIG. 4. Similar
openings would be formed in the base at the other side of the
upper arm housing. The base of the upper arm housing fits
into an opening 106 formed in the lower arm housing. The
length of the base of the upper arm housing in the x-direction
is less than the length of the opening 106 in the x-direction, to
permit relative movements in the x-direction between the
upper and lower arm housings.

In the embodiment of the grapple mechanism illustrated in
FIGS. 5a-c, the lower arm housing 50 is similar to the lower
arm housing in FIG. 4 in that relative sliding movement
between the upper arm housing 52 and the lower arm housing
50 in the x-direction is permitted via the pin(s) 100. In addi-
tion, vertical sliding movements between the upper arm hous-
ing 52 and the torque tube 76 are also facilitated by vertical
pins 110. Inthe illustrated embodiment, four vertical pins 110
are provided, although a smaller or larger number of pins
could be used.

In this embodiment, the upper arm housing 52 is provided
with four pin holes 112 in the top thereof'and four correspond-
ing pins holes 114 in the bottom. Likewise, the torque tube 76
is formed with pin holes 116 in the top thereof and pin holes
118 in the bottom thereof that are aligned with the pins holes
112, 114 when the torque tube is disposed within the upper
arm housing as described above in FIGS. 2-3. The pins 110
guide the relative vertical movements in the y-direction
between the upper arm housing and the torque tube, as well as
force the torque tube to move with the upper arm housing
during movements in the z-direction.

In the embodiments illustrated and described herein, the
grab arm housings are adjustable relative to the main beam in
y-axis directions and x-axis directions. However, the grab
arm housings need not be adjustable in all of the illustrated
directions. Instead, it is contemplated herein that the grab arm
housings could be adjustable in just an x-direction or in a
y-direction.

In addition, the grab arm housings of both of the grapple
mechanisms 26, 28 need not be adjustable in x, y and/or
z-directions on the main beam. Instead, one grapple mecha-
nism could hold a pipe and be fixed on the main beam, while
X, y and z-direction adjustments are accomplished using the
other grapple mechanisms holding the other pipe.

In addition, although the main beam and the passageways
66, 78 are illustrated and/or described as being rectangular,
shapes other than rectangular are possible such as round or
triangular. In addition, the main beam and the passageways
66, 78 need not have the same shape. For example, the main
beam could be round in cross-sectional view and the one or
more of the passageways 66, 78 could be rectangular.

In addition, the passageways 66, 78 need not have the same
shape.

The grapple mechanisms 26, 28 can be designed for use
with any size, i.e. diameter, and shape of pipe. For example, it
is believed that the grapple mechanisms 26, 28 would be
suitable for round pipes between about 26 inches to about 38
inches in diameter. However, the grapple mechanisms can be
used with pipe having other diameters.

Inuse, after the pipes 34, 36 have been cut and the ends 38
roughly positioned near each other, the attachment 10 is
brought by the arm of the construction equipment into posi-
tion near the ends 38 of the two pipes 34, 36. [f necessary, the
main beam 14 is tilted and/or rotated by the lower head
assembly 16 and the tilt actuators 22, 24 to properly align the
attachment with the pipe ends. Preferably, the pipe ends 38
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are positioned approximately midway between the two
grapple mechanisms as shown in FIG. 1.

The attachment is then lowered into position so that the
grapple mechanism 26 surrounds the pipe 34 and the grapple
mechanism 28 surrounds the pipe 36 as shown in FIGS. 1 and
2. The grab arms are then actuated to bring the grab arms to
the closed position shown in FIG. 2 so as to grab the pipes 34,
36.

If necessary, the positions of one or both of the grapple
mechanisms 26, 28 along the main beam are adjusted in the
z-axis direction to bring the pipe ends closer to each other. In
addition, the operator actuates the various actuators 72, 94 as
needed to fine adjust the positions of the grab arm housings in
the x and y-directions. Because the grab arms are gripping the
pipes, and the grab arms are fixed to the grab arm housings,
the pipe ends move with the grab arm housings. Thus, the
grapple mechanisms 26, 28 can be used to fine adjust the
positions of the pipe ends to achieve alignment.

With reference to FIG. 6, the geometry of the grab arms 32
and the lower arm housing 50 can be designed to handle a
range of pipe diameters D1 to D2, for example 24-36 inch
pipe, while providing 6 points of contact at all times with the
outside of the pipe for all pipe diameters within that range.
FIG. 6 shows one pipe 150 having a diameter of D1 and a
second pipe 152 having a larger diameter D2. The grab arms
32 are shown schematically and have four points of contact c1
to c4 with the second pipe 152. Likewise, the lower arm
housing 50 is shown schematically and has two points of
contact ¢5 to ¢6 with the second pipe 152. These six points of
contact c1 to c6 help the grapple mechanisms 26, 28 securely
hold the pipe 152. A similar six points of contact occur in the
case of the pipe 150 having the diameter D1, and with pipe
having diameters between D1 and D2. The points of contact
cl to ¢6 can either be directly with the inner surfaces of the
grab arms and lower arm housing, or with wear pads that are
connected to the inner surfaces.

To achieve these six points of contact, the geometry of
certain components of the grapple mechanisms 26, 28 are
carefully selected. For example, the angle o between a first
inner surface 160 and a second inner surface 162 of each grab
arm 32 is selected to be within a predetermined range. Like-
wise, the angle A between first and second inner surfaces 164,
166 of the lower arm housing and a vertical axis A-A is
selected to be within a predetermined range. In addition, a
straight line distance D1 between a vertical axis B-B tangent
to the pipe 152 and the pivot point 170 of each grab arm 32 is
within a predetermined range. In the case where wear pads are
used on the inner surfaces, the angles and distances are deter-
mined accounting for the presence of the wear pads. More-
over, a straight line 172 connecting the pivot points 174, 176
of the timing link(s) 56 to the grab arms is made generally
perpendicular to straight lines 178 connecting the pivot points
170 to the pivot points 174, 176.

The selected geometry is also impacted by the design of the
timing link(s) 56. With reference to FIG. 2, the timing link(s)
has a first end pivotally connected to the right grab arm at
pivot point 174 and a second end pivotally connected to the
left grab arm at pivot point 176. Between the two ends, to
avoid interference with the pipe, the timing link(s) 56 has a
curved intermediate section 180 whereby the pivot point 176
is located vertically lower than the pivot point 174.

To provide six points of contact on pipes ranging in diam-
eter between about 24 to 36 inches with the timing link(s) 56
configuration shown in FIG. 2, the following exemplary spe-
cific geometry has been found to work satisfactory:

a can range from about 120 degrees to about 150 degrees,

and can be about 125 degrees;
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A can range from about 60 degrees to about 75 degrees, and

can be 75 degrees;

D1 can range from about 4 inches to about 9 inches, and can

be about 7 inches; and

line 172 is generally perpendicular to the lines 178.

Of course, other dimensions for e, A and D1 can be used. In
addition, there could be more or less than six points of contact
c1 to c6 if desired.

The embodiment illustrated in FIG. 1 shows the use of one
attachment, having two grapple mechanisms, mounted on the
main beam 14. It is contemplated that separate attachments
could be utilized, each having one or two grapple mecha-
nisms, with each attachment being connected to arms of
separate construction equipment, with one attachment grab-
bing and adjusting one pipe end and the other attachment
grabbing and adjusting the other pipe end. Also, two grapple
mechanisms could be used to grab each pipe.

The examples disclosed in this application are to be con-
sidered in all respects as illustrative and not limitative. The
scope of the invention is indicated by the appended claims
rather than by the foregoing description; and all changes
which come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

The invention claimed is:

1. A grapple mechanism useable on a grapple attachment,
comprising:

a lower arm housing;

grab arms mounted to the lower arm housing, atleast one of

the grab arms is movable relative to the lower arm hous-
ing, and the grab arms have an open position and a closed
position;

an upper arm housing separate from and detachably

mounted to the lower arm housing, the upper arm hous-
ing includes an opening through which a main beam of
the grapple attachment can extend, the opening having
an axis in a z-direction, and the upper arm housing and
the lower arm housing are movable relative to one
another in an x-direction that is perpendicular to the axis
and are moveable together in a y-direction perpendicular
to the x-direction and to the axis.

2. The grapple mechanism of claim 1, comprising at least
two of the grab arms pivotally attached to the lower arm
housing, the two grab arms face one another, and a timing link
extending between the two grab arms so that movement of
one of the two grab arms causes movement of the other grab
arm via the timing link.

3. The grapple mechanism of claim 1, further comprising a
torque tube disposed within the upper arm housing, the torque
tube including a passageway through which the main beam of
the grapple attachment can extend.

4. The grapple mechanism of claim 3, wherein the torque
tube, the upper arm housing and the lower arm housing are
movable together in the z-direction, and the upper arm hous-
ing and the lower arm housing are movable relative to the
torque tube in the y-direction.

5. A mechanism comprising:

a main beam having an axis that extends in a z-direction;

a pair of grapple mechanisms detachably mounted on the

main beam, each grapple mechanism includes:

a lower arm housing;

grab arms mounted to the lower arm housing, at least one
of the grab arms is movable relative to the lower arm
housing, and the grab arms have an open position and
a closed position;

an upper arm housing separate from and detachably
mounted to the lower arm housing, the upper arm
housing includes an opening through which the main
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beam of the grapple attachment extends, the opening
having an axis in the z-direction, and the upper arm
housing and the lower arm housing are movable rela-
tive to one another in an x-direction that is perpen-
dicularto the z-direction and are moveable together in
a y-direction perpendicular to the x-direction and to
the z-direction.

6. The mechanism of claim 5, wherein there are at least two
of'the grab arms pivotally attached to the lower arm housing,
the two grab arms face one another, and a timing link extend-
ing between the two grab arms so that movement of one of the
two grab arms causes movement of the other grab arm via the
timing link.

7. The mechanism of claim 5, further comprising a torque
tube disposed within the upper arm housing, the torque tube
including a passageway through which the main beam of the
grapple attachment extends.

8. The mechanism of claim 7, wherein the torque tube, the
upper arm housing and the lower arm housing are movable
together in the z-direction, and the upper arm housing and the
lower arm housing are movable relative to the torque tube in
the y-direction.

9. An attachment comprising:

a mount bracket;

a lower head assembly rotatably connected to the mount

bracket;

a main beam pivotally connected to the lower head assem-
bly, the main beam having an axis that extends in a
z-direction;

atilt actuator having one end fixed to the lower head assem-
bly and a second end fixed to the main beam;

a pair of grapple mechanisms detachably mounted on the
main beam, each grapple mechanism includes:

a lower arm housing;

grab arms mounted to the lower arm housing, at least one
of the grab arms is movable relative to the lower arm
housing, and the grab arms have an open position and
a closed position;

an upper arm housing separate from and detachably
mounted to the lower arm housing, the upper arm
housing includes an opening through which the main
beam of the grapple attachment extends, the opening
having an axis in the z-direction, and the upper arm
housing and the lower arm housing are movable rela-
tive to one another in an x-direction that is perpen-
dicularto the z-direction and are moveable together in
a y-direction perpendicular to the x-direction and to
the z-direction.

10. The attachment of claim 9, wherein there are at least
two of the grab arms pivotally attached to the lower arm
housing, the two grab arms face one another, and a timing link
extending between the two grab arms so that movement of
one of the two grab arms causes movement of the other grab
arm via the timing link.

11. An attachment comprising:

a mount bracket;

a lower head assembly rotatably connected to the mount

bracket;

a main beam pivotally connected to the lower head assem-
bly, the main beam having an axis that extends in a
z-direction;

atilt actuator having one end fixed to the lower head assem-
bly and a second end fixed to the main beam;

a pair of grapple mechanisms detachably mounted on the
main beam, each grapple mechanism includes:

a lower arm housing;
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grab arms mounted to the lower arm housing, at least one
of the grab arms is movable relative to the lower arm
housing, and the grab arms have an open position and
a closed position;

an upper arm housing mounted to the lower arm hous-
ing, the upper arm housing includes an opening
through which the main beam of the grapple attach-
ment extends, the opening having an axis in the z-di-
rection, and the upper arm housing and the lower arm
housing are movable relative to one another in an
x-direction that is perpendicular to the z-direction and
are moveable together in a y-direction perpendicular
to the x-direction and to the z-direction; and

a torque tube disposed within the upper arm housing, the

torque tube including a passageway through which the
main beam of the attachment extends.

12. The attachment of claim 11, wherein the torque tube,
the upper arm housing and the lower arm housing are movable
together in the z-direction, and the upper arm housing and the
lower arm housing are movable relative to the torque tube in
the y-direction.
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